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1- Ailanthus Altissima

2- Specific Fuel Consumptions (SFC)
3- Exhaust Gas Temperature (EGT)
4- Unburned Hydrocarbon (UHC)
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1- Compression Ignition

2- FESEM- MIRA3TESCAN-XMU
3- Field Emission Gun

4- Spatial Resolution

5- BET (Belsorp Mill/Gemini 2357)
6- Hielscher
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Figure 1- The equipment used to prepare samples of MnOx NPs
A-Digital-scale by four decimal places B-Electric mixer C-PH meter D-Biichner funnel with vacuum pump
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Figure 2- FESEM images, morphology and size distribution of MnOyx nanoparticles
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1- Field Emission Scanning Electron Microscopy (FESEM)
2- Energy Dispersive X-ray Spectroscopy (EDS)
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Figure 3 - Graphene-Oxide dispersed in isopropanol by Hamer's method
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Figure 4 - (a) and (b) FSEM images prepared from Graphene-Oxide
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Figure 5- FESEM analysis of hybrid GO + MnOx
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Table 2 - List of prepared Nanodiesel samples containing MnO, and GO NPs

N sample GO Concentration MnOx Concentration
1 PD' 0 0
2 DMoo 0 100
3 DM100G10” 10 100
4 DM 100Gz’ 20 100

1-pure Diesel
2-Diesel+100°P™ MnO,
3-Diesel+100°"™ MnO,+10°"™ GO
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Figure 6- Ultrasonic device and probe
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Figure 7- Pycnometer to measure the density of liquids
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Table 3 - The measured density of four fuel samples and changes compared to pure diesel

Sample Density (gr/ml) Difference by Pure-Diesel (%) Error (%)
Pure Diesel 0.8332 0 0.001

DMigo 0.8312 -0.2 0.001
DM100G1o 0.8319 -0.1 0.001
DMi0Gzo 0.8316 -0.1 0.001
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Figure 8 - Rheometer device for viscosity
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Figure 9- Fuel viscosity measurement (a) Viscosity of pure diesel fuel (b) Viscosity comparison of all four fuels by pure diesel
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Table 4- Results of nanoparticles based on metal oxides combined with diesel fuel

Sample A Sample B Sample C
Fuel properties Pure Diesel Diesel fuel @ Diesel fuel @ CuO Error (%)
MnO
Kinematic viscosity at 40°C (cSt) 2.7 2.53 2.24 0.001
flash point (°C) 48 44 40 0.01
Fire point (°C) 54 52 46 0.01
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Table 5- Report of measurement of Calorific-Value of four Nano-Fuel samples by Bomb Calorimetry

Sample Calorific Value- Improvement Error (%)
P Hi(J/g) (%)
Pure Diesel 45276/4 - 0.01
DMiugo 48196/7 6.4 001
0.01
DMi00G1o 48759/2 T
DMu0oGzo 48333/5 . oot
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Experimental investigation of combustion characteristics of hybrid
nanofuel based on manganese oxide and graphene oxide nanoparticles in
the diesel fuel
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By adding nanomaterials to various diesel engine base fuels, one gets nanomaterials enriched fuels, or nanofuels in short.
This addition may influence significantly the properties and behavior of the fuel due to unique properties of
nanomaterials. The main purpose of this research is to study the physico-chemical properties of diesel fuel containing
NPs of Manganese Oxide (MnO,) synthesized with a concentration of 100 ppm and Graphene Oxide (GO) with
concentrations of 10 and 20 ppm and also by their hybrids. In this regard, the partial changes in the physical properties of
density and viscosity in nanofuels by the concentrations of 0.2% and 0.6%, respectively have been observed. The study
also is based on the effect of nanometal oxide additives like Manganese Oxide and Graphene Oxide to diesel fuel. Metal
oxide additive are doped with diesel fuel. The changes in diesel fuel properties (viscosity, flash point and fire point) due
to introduction of nanometal oxide additive were observed. The diesel fuel with nanometal oxide additive presented a
marginal increase in performance. Exhaust emissions for the diesel fuel with nanometal oxide additive showed significant
decrease in levels of pollutants emission.

Keywords: Hybrid Nanofuel, Nanodiesel, Calorific Value, Fuel-Nanofluid, Graphene Oxide.
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